INTRODUCTION {#sec1-1}
============

Vital tooth bleaching is a safe and well-accepted therapeutics for surface and intrinsic staining of teeth.\[[@ref1]\]

Two methods of tooth bleaching are available: at home bleaching with bleaching agents that contain low concentrations of carbamide peroxide or hydrogen peroxide and in-office bleaching with whitener agents that consist of high concentrations of both peroxides.\[[@ref2][@ref3]\]

As vital tooth bleaching has become increasingly popular, clinicians should be aware of the consequences of the bleaching treatment and their interactions with additional esthetic interventions such as application of laminate veneers and replacement of old restorations and adhesive restorations.\[[@ref4]\]

Bond strength of composite resin (CR) on bleached tooth surface has been reported in many studies.\[[@ref5]--[@ref8]\] Shear bond strength (SBS) of CRs that were bonded to tooth surfaces immediately after bleaching was significantly lower than those of non-bleached tooth surfaces due to presence of residual peroxide, which interfered with the resin attachment and inhibited the resin monomers polymerization.\[[@ref9]--[@ref12]\]

If the bleached surfaces were restored after a period of time, CRs are able to achieve their inherent and intended bond strength.\[[@ref13]--[@ref16]\]

The waiting period after bleaching for bonding procedure has been reported to vary from one day to four weeks.\[[@ref13][@ref14][@ref17][@ref18]\]

Some techniques have been suggested to reverse the post-bleach reduced bond strength of CR. Removal of superficial layer of enamel was proposed by Cvitko *et al*.\[[@ref19]\]

Application of adhesive containing organic solvents was suggested by Khalili *et al*,\[[@ref20]\] and Sung *et al*.\[[@ref9]\] Barghi and Godwin used alcohol before restoration to treat bleached enamel.\[[@ref21]\]

Some studies have demonstrated the effect of applying 10% sodium ascorbate solution as an antioxidant before resin bonding in reversing reduced bonding to the bleached enamel.

A recent study conducted by Lai *et al*, has shown that applying sodium ascorbate reversed the effect of sodium-hypochlorite-induced or hydrogen peroxide in reducing the bond strength of resin to enamel.\[[@ref22]\]

Türkün and Kaya demonstrated that even a 10 min application of sodium ascorbate was enough for reversing the reduced bond strength.\[[@ref23]\]

Most recent studies on bleached teeth and adhesive restorations focused on restorative composite materials.\[[@ref12][@ref19][@ref21][@ref22][@ref24]--[@ref26]\]

The aim of this study was to investigate the neutralizing effect of 10% sodium ascorbate hydrogel and delayed bonding after bleaching with 9.5% hydrogen peroxide on the SBS of CR and resin-modified glass ionomer (RmGI) to enamel.

MATERIALS AND METHODS {#sec1-2}
=====================

Ninety six recently extracted, intact, non-carious human third molars (maxillary and mandibular) were collected and stored in a solution of 0.1% thymol. The criteria for tooth selection were no pretreatment of chemical agents, intact buccal enamel, no cracks from forceps, no restorations and no caries. All tooth extractions were performed at the Department of Oral and Maxillofacial Surgery, having patients signed the appropriate informed consent form approved by the university ethics committee.

Before the experiment, the teeth were debrided from any residual tissue tags, washed under running tap water and pumiced. Thereafter, the teeth were vertically embedded in standardized, 18×20×32 mm^3^ polyethylene moulds containing self-curing resin with the crowns exposed; subsequently, they were preserved in distilled water at 5°C till required. Applied as restorative materials, CR was used in first four groups and RmGI was used in the other four groups.

As summarized in [Table 1](#T1){ref-type="table"}, the specimens were randomly divided into two control groups (*n*=12 each) and six experimental groups (*n*=12 each).

###### 

Treatment regimens before bonding
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Groups 2 and 6 consisted of specimens bonded immediately after bleaching. In Groups 4 and 8, following bleaching, sodium ascorbate was applied to the enamel surface of the embedded teeth as an irrigation solution and then specimens bonded with CR and RmGI. Groups 3 and 7 specimens were immersed in artificial saliva at 37°C for 1 week after bleaching and then bonded with restorative materials. Specimens in the control groups (one and five) were not bleached, but immersed in artificial saliva for 1 week before bonding. As summarized in [Table 1](#T1){ref-type="table"}, all specimens were prepared according to the procedures described below.

Bleaching procedure {#sec2-1}
-------------------

Enamel the surfaces of in all bleaching groups, bleached with 9.5% hydrogen peroxide bleaching gel (Rembrandt Xtra-Comfort; Den-Mat, Santa Maria, Calif., USA) at 100% relative humidity for 6 hours in a day according to manufacturer\'s instructions.

The enamel surface of the specimens coated with the bleaching gel did not contact with the artificial saliva by partially immersing specimens in the glass beaker containing saliva at 37°C. After daily bleaching procedure, specimens were thoroughly rinsed with water and air-dried with compressed air for 30 s. For the rest of the day, they were immersed and preserved in 250 mL of artificial saliva. This procedure was continued for seven days. Effective bleaching was obvious by color changes of the specimens.

Application of antioxidant {#sec2-2}
--------------------------

The specimens in Groups 4 and 8 were treated as follows: 10 ml of 10% sodium ascorbate hydrogel (pH 7.4) was applied under continuous agitation on the enamel surfaces of the embedded teeth following bleaching process. After 10 min, the enamel surfaces were rinsed with distilled water for 40 s and dried. Ten milliliter solution was dropped onto the enamel surface with a syringe with a flow rate of 1 mL min^-1^ in order to keep the surface wet.

Immersion in artificial saliva {#sec2-3}
------------------------------

The specimens in Groups 3 and 7 were immersed in 250 ml of artificial saliva solution at 37°C for one week immediately after bleaching process whereas those in control groups were only immersed in the artificial saliva for 7 days without prior bleaching.

The artificial saliva which has an electrolyte composition similar to that of human saliva was formed from 1 g sodium carboxymethylcellulose, 5 mg calcium chloride, 0.1 g potassium chloride, 1 mg potassium thiocyanate, 40 mg potassium phosphate, and 100 g distilled deionized water. The artificial saliva was changed twice daily during the 1-week time period. After removal of the specimens from the artificial saliva, the enamel surfaces were rinsed with an air-water syringe for 30 s.

Bonding procedure {#sec2-4}
-----------------

The bonding area was delimited by placing a piece of adhesive tape with a 2-mm diameter opening which was carefully adapted to the centre of the labial enamel. The surface of delimited area was etched with one drop of 37% phosphoric acid (3M Dental Products, St. Paul, Minnesota, USA) for 15 s and gently air-dried. Then, a layer of bonding resin (3M, ESPE, St. Paul, Minnesota, USA) was applied with a brush according to the manufacturer\'s instructions and then cured for 20 s using a light-curing unit (Coltolux 50, Colten, Whaldent, USA) with intensity of 480 mW/cm-2. A translucent cylindrical plastic mould with a circular hole, 2 mm in diameter and 4 mm in high, was positioned over the hole of the adhesive tape and was affixed with a special bonding alignment apparatus into place. A CR Z100 (Z100, 3M, ESPE, St. Paul, MN, USA) was incrementally applied and light cured in the mould, making cylindrical posts perpendicular to the dentin surface. Each specimen was totally cured for 80 s circumferentially. After removal from the bonding alignment apparatus and the plastic mould, the specimens were stored in distilled water at 37°C for 24 h.

The RmGI bonding procedure was done according to manufacturer\'s instructions. Before bonding, the surface of delimited area was dried with oil-free air and primer was applied with a brush for 30 s, gently air-dried for 10 s and then cured for 10 s using a light-curing unit (Coltolux 50, Colten, Whaldent, USA), with intensity of 600 mW/cm^-2^; the light cured surface appeared shiny.

The RmGI was mixed by agglutination of powder to liquid (Vitremer, 3M, ESPE, St. Paul, MN, USA) for 20 s until a uniform color was achieved. Then the mixture of powder and liquid was placed in a plastic mould (2 mm in diameter and 4 mm in high) incrementally in a depth of 2 mm and was exposed to a light source.

Each specimen was totally cured for 80 s circumferentially. Afterwards, all the specimens were stored in distilled water at 37°C for 24 h.

In order to measure SBS, specimens were mounted in a jig of the universal testing machine (Dartec, HC10, U.K) and a knife-edge shearing rod was applied to the CR/tooth and RmGI/tooth interface until fracture occurred. The crosshead speed was set at 1 mm per minute, and the plunger direction was gingivo-occlusal. The data of applied load to specimens were expressed in MPa.

Statistical analysis was carried out with the SPSS 15.0 software system (SPSS Inc., Chicago, USA). In Group 6, cylinders were separated from surfaces after immersing in water. Therefore, all Group 6 related data recorded zero. The SBS data of groups were subjected to one-way analysis of variance (ANOVA) followed by Tukey test for comparison of specific mean values at 95% confidence level.

RESULTS {#sec1-3}
=======

SBSs in MPa (mean±SD) for the groups are shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. The CR samples that were immediately bonded after bleaching (Group 2) demonstrated significantly lower SBS but there was no significant difference between Groups 1, 3 and 4. No bonding was observed in Group 6, samples that were immediately bonded after bleaching with RmGI, and there was no significant difference between other groups bonded with RmGI. (*P*\<0.05)
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Shear bond strength of composite resin groups (MPa)
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Shear bond strength of resin-modified glass ionomer groups (MPa)
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DISCUSSION {#sec1-4}
==========

The initial decrease in enamel bond strength after bleaching is clinically important because patients often need additional aesthetic restorations following bleaching procedures.\[[@ref4]\]

Bleaching agents have been investigated at varying concentrations in order to evaluate the effects of bleaching on the SBS of adhesive restorations. Carbamide peroxide was applied more than other bleaching agents at different concentrations (10--16%) in previous studies.\[[@ref23][@ref25][@ref27][@ref28]\]

Results of this study have shown that SBS of CR to bleached enamel was significantly reduced while no bonding occurred between RmGI and bleached enamel immediately after bleaching. Present findings in the context of bleaching effects on SBS of resin-containing materials support these results.\[[@ref10][@ref29]--[@ref32]\]

Several studies have focused on the physical alterations that occurred after bleaching treatments in search of a possible explanation for the decreased SBS after bleaching with carbamide peroxide. Some authors have suggested poor bonding surfaces because of modifications in enamel structure, a result of increased porosity as manifested by loss of prismatic form and an overetched appearance. Loss of calcium, decrease in microhardness, and alterations in the organic substance are other important factors that could contribute to the decreased bond strength.\[[@ref33]--[@ref35]\]

Many investigations showed that decreased bond strength might be due to residual oxygen from the bleaching material being developed at the enamel surface, which inhibits resin polymerization or interferes with the resin infiltration into the etched enamel.\[[@ref23][@ref30][@ref31][@ref36]\]

Titley *et al*, reported that in the SEM evaluation of bleached specimens, large areas of the enamel surface were resin free and tags were poorly defined, fragmented and penetrated to a lesser depth when compared with the unbleached control groups.\[[@ref12]\]

In another study, Titley *et al*, displayed a porous and granular view with a bubbly appearance by SEM examination of resin and bleached enamel interfaces.\[[@ref37]\]

Retained peroxide in the subsurface layer of the enamel developed gaseous bubbling from oxidizing reactions, which resulted in porous appearance of the interfaces.\[[@ref38]\]

Dishman *et al*, have also shown that the composite bond quality is compromised through a decreased number of resin tags present.\[[@ref30]\]

In the present study, 9.5% hydrogen peroxide gel was applied as a bleaching agent according to manufacturer\'s instructions to investigate the effect of antioxidant treatment and delayed bonding after bleaching on the SBS of CRs and RmGI to bleached enamel.

Bleaching with 9.5% hydrogen peroxide bleaching gel might affect the enamel surface structure less than higher concentrations of bleaching gel due to lower release of residual oxygen, which interferes with resin infiltration into the etched enamel. In fact, more studies are needed to recommend application of 9.5% hydrogen peroxide as a bleaching gel in clinical practice.

Although in different studies, there are remarkable variations among the recommended post-bleaching time periods; most researchers advised one week delaying in bonding procedure after bleaching, which is supported by the present study.\[[@ref10][@ref39][@ref40]\]

The results of the current study support the previous investigations showing that immersion of specimens in artificial saliva or distilled water for one week resulted in a complete reversal of the enamel bond reduction.\[[@ref13][@ref35][@ref37][@ref39]\]

This may be due to removal of residual oxygen from the bleaching material by the immersion process; it has been expected that oral cavity saliva may have similar action after bleaching.

Although many methods were used to decrease the compromised bond strength, emphasis was placed on neutralizing the oxygen by application of ascorbic acid as an antioxidant. Ascorbic acid and its salts are famous for capability of reducing many oxidative compounds, especially free radicals.\[[@ref41][@ref42]\]

Protective effects of ascorbic acid *in vivo* against hydrogen-peroxide-induced damage in biological systems have been demonstrated by different studies.\[[@ref43][@ref44]\]

In the current study, the reduced SBS of CR and RmGI to enamel appeared to be restored by treatment of the bleached enamel with 10% sodium ascorbate hydrogel before bonding.

Ascorbic acid has also been shown to increase the bond strength of a chemically cured resin to tooth,\[[@ref45]\] which might be attributed to the etching potential of ascorbic acid.

In more recent studies, 10 min of antioxidant treatment was tested, which is the same as the current study, and seemed to be reasonable time period in clinical conditions.\[[@ref23][@ref46]\] Lai *et al*, immersed the bleached specimens in 10% sodium ascorbate solution for 3 h.\[[@ref47]\]

They hypothesized that by using an antioxidant the incorporation process of peroxide ions may also be reversed. Furthermore, they suggested that sodium ascorbate allows free-radical polymerization of the adhesive resin and avoids premature termination by restoring the altered redox potential of the oxidized bonding substrate, and therefore neutrilizes the compromised bonding.\[[@ref22]\]

Zhao *et al*, have shown that under certain conditions, peroxide ions produced the peroxide-apatite by substituting hydroxyl radicals in the apatite lattice.\[[@ref48]\]

Nagpal *et al*, demonstrated that 10% sodium ascorbate on hypochlorite treated dentin, reduced micro leakage and increased resin intra-tubular penetration.\[[@ref49]\]

Kimyai *et al*, have shown that hydrogel and solution of sodium ascorbate reversed the compromised bond strength in bleached enamel.\[[@ref36]\]

In Lai and Kimyai studies, specimens' bleaching time was 8 h.\[[@ref36][@ref47]\] In the present study, bleaching agent was applied for 6 h. In this study, there were no significant differences between unbleached and delayed groups. This might be explained by the possible structural or morphological changes on enamel that were repaired during waiting period between bonding and bleaching while teeth were preserved in artificial saliva.\[[@ref13][@ref37][@ref39]\]

Attin *et al*, showed that bleaching with 10% carbamide peroxide did not affect the RmGI bonding which is not supported by the current study in which bleaching time was longer.\[[@ref6]\]

In the present study, bleaching with 9.5% hydrogen peroxide reduced SBS of RmGI and CR. Applying 10% sodium ascorbate hydrogel as an antioxidant and delaying bonding procedure for one week reversed the compromised bond strength.

The RmGI bonds to enamel by two mechanisms: 1) ionic bond of carboxylic groups of polyalkenoic acid to hydroxy apatite and 2) micro-mechanical bonding of polymer.\[[@ref8][@ref12][@ref24][@ref29]\] Since both CR and RmGI are resin containing materials, application of an antioxidant and all the other methods employed to adverse compromised CR bond strength apply for RmGI, too.\[[@ref9][@ref10][@ref19]--[@ref22][@ref41]\]

In Group 6, no bonding occurred between RmGI and bleached teeth; there seemed to be ionic bonding of RmGI inhibited by bleaching procedure.

In Groups 7 and 8, bonding has occurred to bleached teeth which might be due to delayed bleaching procedure and the preparation of tooth surface by 10% sodium ascorbate hydrogel.

The following conclusions can be drawn from the results of the present study:

A 1-week delayed bonding procedure after bleaching reduced compromised SBS of CR and RmGI.Applying 10% sodium ascorbate hydrogel in the treatment of bleached enamel surfaces reversed the compromised SBS and may be an alternative to delayed bonding, especially when restoration should be completed immediately after bleaching.
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